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Abstract The effect of drying conditions on the color of
tarragon (Artemisia dracunculus L.) leaves was studied.
Tarragon leaves were dried at temperatures of 40 to 90 °C
with a constant airflow of 0.6 m/s. The samples were
collected at 7%, 10%, 20%, and 30% moisture content wet
basis for evaluation of the color change. The color
parameters of fresh and dried leaves were measured by a
colorimeter. The individual parameters of L*a*b* and
L*C*h° color systems were evaluated and h° proved to be
the best parameter to monitor color change. The smallest
change of the color parameters was observed at 40 °C, in
which temperature was low, and also at 90 °C, when drying
time was short. The biggest change occurred at the
temperatures of 50 to 70 °C. Most of the color change
happened before the material reaches 35% moisture
content. The combination of drying time and temperature
defines the change of color.
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Introduction

Tarragon (Artemisia dracunculus L.) is a strong aromatic
plant and is also considered as a medicinal plant (Simon et
al. 1984). It is mainly produced with two varieties: French
Tarragon and Russian Tarragon (Vienne et al. 1989;
Yaichibe et al. 1997). Tarragon can be consumed as fresh,
dried, and frozen product. Drying is the main step in the
preparation of tarragon for marketing. This research was
based on thin layer drying with heated air.

Color is an important component of quality throughout
agriculture and food industry, because color is closely
associated with factors such as freshness, ripeness, desir-
ability, and food safety. It is often the primary consideration
of consumers when making purchasing decisions (Ahmed
et al. 2002; McCaig 2002). The color change kinetics of
food is a complex phenomenon and there are not much
reliable models to predict color change, which can be
used in engineering calculations (Ahmed et al. 2002; Suh
et al. 2003).

Thermal processing is one of the most widely used
and important method of food preservation, and it
affects the food quality as measured by sensory
evaluation or instrumental methods (Guine et al. 2009;
Maskan 2001). The effect of thermal processing on the
color of food material has been studied by various
researchers, and different color systems have been used
for describing color changes of food material (Ahmed et
al. 2002; Suh et al. 2003; Maskan 2001; Maharaj and
Sankat 1996; Silva and Silva 1999; Lee et al. 2003;
Krokida et al. 1998; Du Toit and Joubert 1998; Lozano
and Ibarz 1997; Shin and Bhowmik 1995). Color can be
used to define adequate thermal processing conditions for
maximizing final product quality if its degradation kinetics
are determined (Silva and Silva 1999). It was shown that
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color change measured by tri-stimulus reflectance of a
colorimeter may be used to predict quality change in food
(Lozano and Ibarz 1997).

The CIELAB color system (Commission Internationale
de l’Eclairage 1986) is extensively used to evaluate food
colors (Carreno et al. 1995). Numbers of researchers have
already studied the color of food using the CIELAB color
space for measurement of the color parameters (Ganjloo et
al. 2009; McCaig 2002; Carreno et al. 1995; Berberich et
al. 2002; Iwe et al. 2000; García-Esteban et al. 2003).

This research investigates the influence of temperature
and relative humidity (RH) of the drying air on the color
of tarragon. The effect of maturity on color of the dried
leaves was also investigated by comparing of the mature
and young leaves, which were dried at the same drying
conditions. The main objective of this research is to
establish the optimal drying conditions for tarragon
leaves of two varieties: French Tarragon and Russian
Tarragon.

Materials and Methods

Plant Material

Fresh and dried leaves of two tarragon varieties (French
Tarragon and Russian Tarragon) were used in the experi-
ments. French Tarragon was collected at a research farm in
Elburg (The Netherlands), and Russian Tarragon was
planted at the farm of Wageningen University (The
Netherlands). Both were harvested just by hand before
flowering in July, August, and September. To compare the
influence of maturity, also young leaves were used. Young
leaves have been harvested 2–3 weeks before flowering.
Before drying, leaves were separated from the stalks
manually.

Drying

Thin layer drying experiments were performed in a
laboratory dryer of the Department of Agrotechnology
and Food Science, Wageningen University (Arabhosseini et
al. 2008). Samples of 100 g fresh tarragon leaves at a
moisture content (MC) of 80% wet basis (w.b.) were put in
a tray of 14×28 cm. The RH was changed using moistening
system based on the psychometric chart. Airflow of 0.6 m/s
was used for all experiments.

Two types of experiments were performed. In the first
stage, samples were dried at inlet air temperatures of 40, 45,
50, 55, 60, 70, 80, and 90 °C at “low”, “medium” and
“high” RH (Table 1; Arabhosseini et al. 2008). This range
of temperatures is usually applied in industry for drying of
medicinal plants. The samples were dried to equilibrium
moisture content (Arabhosseini et al. 2005). Color was
measured before and after drying.

In the second stage, experiments were done to investi-
gate color changes during the course of drying. Samples
were dried at 45 °C, 17% RH; 60 °C, 7% RH; and 90 °C,
2.5% RH. These combinations were selected to evaluate the
critical level of temperatures obtained from the results of
the first stage of the experiments. These RHs are the result
of heating ambient air of ×g/kg abs MC. The samples were
collected during drying at decreasing MCs from 80% to 5%
w.b. (Table 2). As it was not possible to measure MC
during the drying process, the samples were taken at
estimated MCs (based on drying time) as close as possible
to the target values given in Table 2.

Color Measurement

Quantitative evaluation of the color changes in tarragon
leaves was done by a portable tri-stimulus colorimeter
(Minolta Chroma CR-300, Osaka Japan) for direct measure-

Table 1 Set values of drying air conditions in the first-stage experiments

Temperature, °C 40 45 50 55 60 70 80 90

Relative humidity, RH% Low 20 15 12 10 7 5 3.5 2.5

Medium 27 22 18 15 12 9 7 –

High 35 30 25 20 18 13 – –

Temperature, °C RH,% Moisture content, % w.b.

70 60 50 40 30 20 10 7 5

45 17 $ $ $ $ × × × × –

60 7 $ $ $ $ × × × × –

90 2.5 $ $ $ $ $ × × × ×

Table 2 Set values of drying air
conditions and target MC for
sample collection in the second
stage experiments

Dollar signs indicate one
sample, and multiplication signs
indicate three samples
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a*Fig. 1 Arrangement of dried
Russian tarragon leaves
(variety) in descending order of
L*, a*, b*, C*, and h°
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ment of the color parameters of the samples. Calibration was
done every day before color measurement. Awhite calibration
plate (Y=92.40; x=0.3137; y=0.3194) was used as reference
for calibration of the chroma meter. The leaves were evenly
distributed in a tray of 20×10 cm. The diameter of the
measuring area was 8 mm. Measurements were taken at five
random points for each sample, and each measurement had
three readings to compensate for the variation in the sensor
of the measuring head.

The measurements were recorded in five color systems
(Yxy, L*a*b*, L*C*h°, XYZ, and Hunter Lab). The L*a*b*
(Patras et al. 2009; Maskan 2001; Krokida et al. 1998;
Lozano and Ibarz 1997) and L*C*h° (Zhang et al. 2003)
system were selected because these are the most used
systems for evaluation of dried food material.

The suitability of the various color parameters was based
on the visual judgment of experts of two Dutch companies
dealing with herbs (Euroma B.V. and VNK B.V.). A
collection of 15 samples of dried tarragon leaves as well
as the photographs of the same samples was arranged in
decreasing order of the values of the color parameters L*,
a*, b*, C*, and h°. The parameter, which showed the best
compliance between visual and measurement based ranking,
was selected. Based on the expert judgment, a threshold was
defined to distinct acceptable and unacceptable color of dried
tarragon leaves.

Some photos of the samples were taken by a digital camera
just to demonstrate the results in reports. The photos were
taken in room conditions using artificial lights, and similar
conditions were considered for all photos. The photos were
sorted based on color parameter values derived by colorimeter.

Data Analysis

Statistical method of ANOVAwith 95% confidence interval
was applied to find the possible correlation between the

data sets and also the significance differences among the
experimental data sets.

Results and Discussion

Evaluation of Color Parameters

Figure 1 presents the photos of the dried Russian tarragon
leaves, which are arranged in decreasing order of L*, a*,
b*, C*, and h° values. The arrangement based on h° came
closest to the experts’ visual ranking. The arrangements
based on L* and a* values did not result in a continuous
visual impression, whereas b* and the C* values showed
some similarity to h° in the arrangement. Based on this
result, h° was selected as main parameter for evaluation of
color change. The experts defined h°=95 as threshold for
acceptable color of dried tarragon leaves.

Influence of Temperature and RH

The h° value of fresh Russian Tarragon leaves was 123.
After drying, h° was lower for all treatments. Figure 2
shows h° of the dried Russian Tarragon leaves at drying
temperatures between 40 and 90 °C. In a temperature range
from 40 to 70 °C, h° decreased and increased again for 80
and 90 °C. In the temperature range of 55 to 80 °C, h° was
below the quality threshold level of 95. Although the level
of h° for different RH at the same temperature varied, no
systematic correlation was found.

The L* value of fresh Russian Tarragon leaves was 48.
L* decreased after drying, and the level was lower for
higher temperatures. Figure 3 shows L* of the dried
Russian Tarragon leaves at drying temperatures between
40 and 90 °C. The level of lightness at different RH varied
at random so no clear relation was found for different RHs.
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Fig. 3 Influence of temperature and RH of drying air on L*
(lightness) of Russian Tarragon leaves; fresh leaves, L*=48
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Fig. 2 Influence of temperature and RH of drying air on h° (hue) of
Russian Tarragon leaves (h° of fresh leaves=123; quality threshold,
h° ≥95)
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The C* value of fresh leaves was 15. Figure 4 represents
C* values of the dried Russian Tarragon leaves at drying
treatments of 40 to 90 °C. This value also decreased by
increasing temperature. The C* value was almost at the
same (lower) level for the dried material at the temperature
55 °C and higher. No correlation was found for different
relative humidities.

Among h°, L*, and C*, h° shows the clearest correlation
to the treatments. As h° was also identified by the experts to
express visual quality best, further results are only
presented for h°.

Influence of Variety

Table 3 presents the statistical results of ANOVA test for
each variety. The effect of h° values of leaves dried with
different treatments.

There was significant difference between the fresh
leaves, and the leaves dried at any temperature at 95%
probability. The results did not show any significant
differences between varieties for fresh leaves and between
the leaves dried at 45 and 90 °C for each variety.

Color Changes During Drying

Figure 5 shows h° of French Tarragon leaves at 80% MC to
5% dried at different temperatures. h° of the fresh leaves of
French Tarragon was 124.5. The color changes of the
leaves dried at 45 and 90 °C are close to each other. Most

changes were observed at the earliest drying phase for the
drying temperature of 60 °C. The level of leaves dried at
60 °C was lower than the threshold when they reached the
storage MC, and for the leaves dried at 45 and 90 °C, this
was higher. The trend line of all treatments was almost
horizontal in the measured range from 35% to 5% MC for
fresh tarragon.

Influence of Maturity

Figure 6 shows h° of mature and young tarragon leaves at
drying temperatures of 45 and 90 °C. Almost the same
difference was observed for the young and the mature
leaves dried at 60 °C, which is skipped in Fig. 6. Larger
changes were observed at both temperatures for young
leaves compared to mature leaves. Major changes happened
for the young leaves dried at 90 °C before they reach 40%
MC, whereas the color change continuously occurred for
the mature leaves during the whole drying process.

Color Change as a Function of Drying Time

The color change of French Tarragon leaves as defined by h°
versus drying time is shown in Fig. 7. The initial MC of the
leaves was 80%, and the drying process was continued to
reach 7% MC, w.b. The figure shows fitted lines using the
equation:

h�¼C1exp �C2tð ÞþC3 ð1Þ
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Fig. 5 Course of h° of French Tarragon leaves at decreasing MC
during drying at a temperature of 45, 60, and 90 °C (quality threshold,
h° ≥95)
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Fig. 4 Influence of temperature and RH of drying air on C*
(saturation) of Russian Tarragon leaves; fresh leaves, C*=15

Variety Temperature and RH of drying air

Fresh 45°C, 17% RH 60°C, 7% RH 90°C, 2.5% RH

French Tarragon 124.5±1.21 a 104.05±2.68 b 91.24±2.10 d 106.21±1.63 b

Russian Tarragon 123.4±1.07 a 99.18±1.15 c 84.67±1.52 e 93.03±7.20 c, d, e

Table 3 Statistical results of the
color parameter (h°) analysis of
dried tarragon leaves

Values (mean ± standard devia-
tion) followed by different let-
ters are significantly different at
P<0.05
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In which C1, C2, and C3 are coefficients and t is drying
time (h). The coefficients at different drying treatments are
shown in Table 4.

The h° value of the material changed slower at 45 °C
compared to 60 and 90 °C drying temperature, and it almost
reached the final level after 6 h drying time. The h° value
decreased only to the level of about 108 for both the 45 and
90 °C drying temperatures. Figure 7 shows that at 90 °C the
color degrades at a similar rate to that at 60 °C but the
overall amount of degradation is lower because the time
over which degradation can occur is reduced as a
consequence of the higher drying rate. Because at this time
the material reached 7% MC and drying process was
stopped, there was no time for more changes. h° at 60 °C
drying temperature decreased. The h° decreased at 60 °C
drying temperature to the level of about 92 after 2 h. The
decrease in h° value for 60 °C is twice the decrease of the
90 °C (Fig. 7).

Discussion

Drying of tarragon at 45 and 90 °C showed an acceptable
level of h° but the value was too low for the material dried
at 60 °C. It can be concluded that the temperature of 60 °C
is not good for keeping quality. The sum of the temperature
effect and drying time effect results in the total color
changes during the drying process. To show these two
effects looking together, a model is shown in Fig. 8 based
on the experimental color changes data, which are
presented in Fig. 2. The increasing temperature influences
the change of h° for the temperature range of 40 to 60 °C,
while the time effect is important from 70 to 90 °C.

More change was expected at 90 °C than the measured
level. The explanation could be that the actual temperature
in the material was lower than 90 °C during the drying
process because of the large high evaporation during the
earliest phases of the drying process, and the drying time
was not long enough to change the color.

It seems that 90 °C is an acceptable drying temperature
based on h° if preservation of over-drying is guaranteed.
However, further color changes could occur during storage.
So further research is required to resolve this problem. As
the main goal of the drying process is to extent the shelf
life, color change during storage time is also very
important. Drying time at 90 °C is much shorter, and also
temperature stress is much more than at 45 °C. Drying at
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Fig. 8 Color changes affected by the drying time and the drying
temperature during the drying process at temperatures of 40 to 90 °C
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Fig. 7 Course of h° of French Tarragon leaves during drying at a
temperature of 45, 60, and 90 °C (h° of fresh leaves=124.5; quality
threshold, h° ≥95)

Table 4 Coefficients of Eq. 1 for different temperatures of the drying
air

Temperature, °C C1 C1 C1 R2

45 20.53 0.37 104.02 0.9768

60 30.46 2.81 91.96 0.9698

90 17.78 6.01 106.86 0.9228
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Fig. 6 Experimental h° of mature and young tarragon leaves dried at
45 and 90 °C
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45 °C can guarantee an acceptable level of color change
during drying so higher temperatures can be used also at the
beginning of the drying process but the temperature in the
material must not exceed 45 °C to avoid more color change.

The rate of color change decreases with the decrease of
MC during the drying process at all temperatures.

Conclusion

The color of the tarragon leaves changes during the drying
process. Based on expert evaluation, h° (hue) was found as
the best parameter, to show the color changes of tarragon
leaves during drying process. Temperature and drying time
are the main parameters that affect the color change. Higher
temperature and longer drying time make more changes for
color. The color parameters showed less changes at 40 °C
because of the low temperature and also at 90 °C because
the drying time was short. The main changes of color were
observed before the materials reaches 40% MC. Young
leaves showed more sensitivity to temperature than the
mature leaves. Drying temperatures below 50 °C are
recommended for drying of tarragon leaves to avoid color
degradation because the h° was above the acceptable level.
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